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Introduction
The Asian citrus psyllid (ACP), Diaphorina citri Kuwayama (Hemiptera: Liviidae), transmits Candidatus Liberibacter asiaticus and Candidatus Liberibacter americanus, the bacteria that are the causative agents of citrus greening disease or huanglongbing (HLB). This is the most devastating citrus disease in the world today and has resulted in the loss of hundreds of thousands of hectares of orchards and billions of dollars in productivity (Halbert and Manjunanth, 2004; Bové, 2006; Gottwald et al., 2007; Grafton-Cardwell et al. 2013) . The adults are highly mobile and readily move between residential areas and commercial groves (Tiwari et al. 2010) . It is generally accepted by researchers, growers, and regulators that control of ACP outside of commercial orchards will rely heavily on biological control by parasitoids, predators, and pathogens (Grafton-Cardwell et al. 2013 , Hall et al. 2012 .
ACP is susceptible to a number of native pathogens in the U.S. (Meyer et al., 2007 (Meyer et al., , 2008 , some of which show potential as biopesticides for ACP (Zimmermann 2008; Avery et al., 2009 Avery et al., , 2011 Hoy et al., 2010; Hunter et al. 2011; Stauderman et al. 2012 ) and can be formulated as blastospores for inexpensive mass production (Jackson et al., 2003) . For example, in a laboratory study, 94% of ACP adults and immatures (nymphs) were killed within four days of infection by a strain of Isaria fumosorosea Wize (= Paecilomyces fumosorosea) (Hypocreales: Cordycipitaceae) (Ifr) (USDA-Agricultural Research Service Entomopathogenic Fungi Collection (ARSEF), strain 3581) (Moran et al., 2011) , originally isolated from sweet potato whitefly biotype B, Bemisia tabaci (Gennadius), in southern Texas in 1992 (Wraight et al., 1998; Poprawski and Jackson, 1999; Jackson et al., 2003) . Two other Ifr strains are commercially available as biopesticides and have demonstrated efficacy against psyllids: PFR 97 20% WDG™ (Certis Inc.) and Ifr 9901 (NoFly™) (Natural Products) (Meyer et al., 2008; Avery et al., 2009, Patt et al.-- Autodisseminator for entomopathogen of Asian citrus psyllid. 4 2011; Hunter et al., 2011) . Trials conducted in potato fields using spray applications of PFR 97™, Metarhizium anisopliae (F 52™, Novozymes Biologicals) and abamectin (Agri-Mek™, Syngenta) showed reductions in potato psyllid (Bactericera cockerelli (Sulc) (= Paratrioza cockerelli (Sulc))) eggs and nymphs along with decreased plant damage and symptoms of zebra chip disease caused by Candidatus Liberibacter solanacearum (Lacey et al., 2011) .
Unfortunately, in residential citrus, abandoned orchards, and similar situations, spray application of biopesticides to control ACP is problematic for a variety of reasons. The challenge then is to develop a means of efficiently inoculating psyllids with pathogen spores for the purpose of inducing epizootics in these situations. A potential mechanism for this undertaking is an autodisseminator of pathogen spores. Conceptually, these devices would be hung from tree branches and would inoculate psyllids when they landed or crawled on them.
Precedence for the notion of using an autodisseminator comes from a study by Avery et al. (2009) and who showed that ACP can auto-inoculate while crawling on Ifr blastospore-coated cards and then disseminate the spores to leaves. However, autodisseminators have not been used before to control psyllids, so their potential practicality or likely impacts are unknown.
The present study reports on proof-of-concept tests of a prototype autodisseminator used in conjunction with a blastospore formulation of Ifr ARSEF strain 3581. The tests were conducted in a greenhouse to ameliorate the extremes in ambient conditions (i.e., temperature, relative humidity, exposure to sunlight, wind, dust, precipitation, etc.) that would have been encountered in field tests. The objectives of this study were to evaluate: 1) the capabilities of this dispenser design and blastospore formulation to elicit primary infection, horizontal transmission, and secondary infection in a greenhouse population of ACP; and, 2) spore durability after exposure Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 5 over time to ambient conditions within the greenhouse. The results of these studies will be used to design dispensers suitable for use in residential and unmanaged citrus.
Methods and materials

Study site
The tests were conducted in a greenhouse to minimize abiotic effects on the fungal spores and psyllids. During these tests psyllids were released from a cage and could fly freely among an array of dispensers and potted citrus arranged on the greenhouse benches. The greenhouse (25m L x 12 m W x 6 m H) was located at the former USDA-ARS laboratory in Weslaco, TX.
The greenhouse had a system of sliding benches with wire mesh decks that served as a platform for the test materials. The tests were conducted from 2009 to 2011. Environmental parameters in the greenhouse were automatically recorded and controlled by a computer-directed system (HortiMaX, B.V., Pijnacker, The Netherlands) and by data loggers (Onset Computer Corporation, Bourne, MA) hung from plants used in the tests. Greenhouse conditions mirrored summer field conditions in south Texas, with daily average temperatures of (mean ± SEM) 28.5 ± 0.3°C in the greenhouse and 29.0°C in the field, respectively. In the greenhouse, daytime high temperatures reached 39.6 °C (± 0.6° C) and relative humidity (RH) declined to 52% (± 1.5%).
Nighttime (2100-0800 h) minimum daily temperature averaged 22.2 ± 1.1°C, and relative humidity ranged from 90-92%.
Psyllids
Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 6 ACP for the primary infection tests were collected from the research orchard at the Texas A&M University-Kingsville's Citrus Center in Weslaco, TX. Colonies of ACP for all other experiments were supplied from the USDA-APHIS-CPHST laboratory in Mission, TX. These ACP colonies were maintained on either orange jasmine, Murraya paniculata (L.) grown in greenhouses, or on mature Mexican lime trees, Citrus aurantifolia (Christm.) enclosed by screen-cages (366 x 366 x 304 cm) at the laboratory's research grove.
Plants
Two-to three-year old sour orange (Citrus aurantium L.) saplings were used for the primary infection study. They were grown in 2 L plastic pots with a sand-peat-perlite potting mixture containing recommended amounts of time-release macronutrient and micronutrient fertilizers.
Plants were pruned to a height of 45-60 cm. To facilitate visual inspection, tracking and sampling of psyllids, the number of stems was reduced by pruning. For all other tests, orange jasmine plants were used. The plants were 1-2 years old, grown in 4 L pots, and pruned to facilitate performing the experiments. Insecticidal soap was used as needed to control pest insects.
Autodisseminator
The prototype autodisseminator (hereafter referred to as 'dispenser') had several features which potentially enhanced ACP attraction and retention on the device and promoted inoculation ( Figure 1 ): 1) A bright yellow color, which is highly attractive to ACP (Hall, 2009; Hall et al., 2010; Godfrey et al., 2013) ; 2) A pleated surface, providing multiple edges, to take advantage of ACP's propensity to perch and crawl on edges (Yasuda et al., 2005) Dispensers were constructed from a 21.25 cm x 27.5 cm sheet of bright yellow stock paper (Astrobrights ™ , Wausau Paper, Mosinee, WI) rolled into a tube with 20 pleated ridges running lengthwise across its surface to increase the edge area on the dispenser (Figure 1 ). The pleats were made by folding the paper sheet longwise back upon itself. The inner portion of each pleat was coated, using an artist's paintbrush, with a thin line of an emulsified wax (SPLAT™, ISCA Technologies, Inc., Riverside, CA); the wax increased adherence of the cotton burr formulation to the dispenser. A cosmetic brush was used to coat the dispenser surface with the spore formulation immediately prior to the start of each test. Excess formulation was gently shaken off the ridges. The dispenser was reinforced by inserting a second cylinder made from a sheet of clear transparency film (21.5 cm x 27.9 cm) (3M, Austin, TX) into the tube. During the tests, each dispenser was attached with a metal binder clip to a 1 m-long bamboo stake anchored in a cement-filled 2 L plastic pot. On a fully assembled dispenser array, each dispenser hung at a height of 56-59 cm from the bottom of the pot.
Fungal pathogen production
Blastospores were used because they are desiccation-tolerant and can be readily massproduced (Jackson et al. 1997 (Jackson et al. , 2003 Jackson & Payne 2007; Godfrey et al. 2013) ; Ifr conidia, while more durable under ambient conditions, would be prohibitively expensive to produce commercially (Jackson et al. 2003) . The Ifr strain used here (Ifr 3581) was selected because it originated in the Rio Grande Valley of Texas (Poprawski & Jackson, 1999 ) the location of this Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 8 study. Cultures of Ifr were cultured to provide a sufficient quantity of inoculum for mass production of blastospores for use with the autodisseminator. The Ifr strain (ARSEF 3581) used in this study was reared following the methods describes in Jackson et al. (1997 Jackson et al. ( , 2003 .
Blastospores were harvested from the culture broth by adding pulverized cotton burrs (<60 mesh, provided by Greg Holt, ARS, Lubbock, TX) to the blastospore culture. The blastospore-cotton burr formulation had a blastospore density of ca. 7-10 x 10 9 spores/g and was air dried using the methodology described by Jackson and Payne (2007) . A germination assay (Jackson et al. 1997) indicated that ca. 80% of the spores were viable. The formulations were stored in vacuum-sealed polyethylene bags at 4° C for 2 to 8 weeks prior to use, during which time spore viability remained stable. Because it is composed primarily of cellulose, we speculated that the cotton burr carrier would be less irritating to the psyllids than spore carriers made of pulverized mineral-based substances, such as diatomaceous earth or talc. If so, then psyllids should remain on the dispensers coated with cotton burr carrier longer, resulting in higher infection levels.
Therefore, comparisons were made of psyllid retention times on dispensers coated with fluorescent powder from the preliminary primary infection study versus the dispensers coated with Ifr-cotton burr carrier used in the primary infection study (See Section 2.8 below). A preliminary study by Moran et al. (2011) indicated that exposure to yellow cards coated with the Ifr + cotton burr formulation induced high levels of mortality in psyllids.
Test array
The levels of primary infection and horizontal transmission achievable with the prototype dispenser were determined using an array of 8 dispensers and 32 potted host plants with a screened release cage (45cm H x 45cm W x 45cm L) (BioQuip Products, Rancho Dominguez, Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 9 CA) located in the middle of the array (Figure 2 ). The positioning of the dispensers and host plants increased the likelihood that the psyllids would fly near the dispensers before settling on the host plants. Approximately 1200 psyllids were collected from local citrus trees 2-3 h prior to each test and placed in the release cage. To begin a test, the cage lid was opened ca. 2.5 cm to allow the psyllids to fly from the cage but retard escape flight. Psyllid release commenced between 10:30 and 11:00 h. The dispensers and psyllid release cage were positioned downwind of the potted plants. To facilitate collection of psyllids that may have died and fell off the trees, the benches were covered with sheets of white butcher paper and the opening of the pots were covered with a slotted white styrofoam picnic plate. The pots were placed in plastic saucers to permit watering.
Incubation
Following their collection, the specimens were killed by chilling at -4° C and then sexed. All specimen transfers were completed under sterile conditions in a laminar flow hood.
Specimens were surface sterilized to kill epicuticular microbes. The surface sterilization process consisted of a serial immersion in 97% ethanol, 0.06% bleach solution, and sterilized RO water.
Following surface sterilization, each specimen was placed in a plastic Petri dish (6.0 cm dia.) with a 20 x 20 mm piece of filter paper moistened with deionized water. The specimens were placed on top of a 10 mm x 10 mm piece of a Parafilm™ to prevent them from being saturated by the moist filter paper. The dishes were sealed with Parafilm™ prior to be placed in an incubator kept at 28±1ºC and a photoperiod of 14 h L: 10 h D. They were inspected for mycosis (presence of hyphae) daily for 16 days and for growth and development of conidia every three to Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 10 six days for four consecutive weeks. The conidia were examined to ensure that the infection was due to Ifr.
Primary infection 2.8.1. Preliminary test with fluorescent powder
A set of preliminary tests were conducted with fluorescent powder (Eco17 Yellow, Day-Glo Color Corp., Cleveland, OH, USA) as a substitute for Ifr-cotton burr carrier to determine whether psyllids released from the cages would visit the dispensers, become 'infected' with powder particles, and settle on the potted plants. In this and the primary infection test below, the psyllids were collected from the potted host plants 24 h after their release because few psyllids were observed to visit the dispensers once they settled on the potted host plants. The psyllids were killed in situ with fogger canisters (1.7% Cypermethrin, S. C. Johnson Co., Racine, WI, USA).
The dead psyllids were collected with small paintbrushes, placed into individual vials, returned to the lab, and examined with a dissection microscope for the presence of powder particles. Four tests were performed.
Primary infection tests
Three releases of adults were conducted to measure the level of primary infection that could be achieved with dispensers coated with Ifr blastospores + cotton burr powder. At the end of the test, the adults were collected via an aspirator, placed into individual vials, and returned to the lab for incubation.
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Psyllid visitation behavior and residency on dispensers
In tests with both the fluorescent powder and Ifr-cotton burr carrier, the dispensers were observed for 30 mins following the release of the psyllids to determine the length of time individual psyllids remained on the dispenser. Once an individual psyllid landed on the dispenser, it was observed and its retention on the dispenser was timed with a hand-held stopwatch and recorded. Retention times were ranked into the following groups: Land and fly off within1-2 s (Touch and leave), 2-10 s, 11-59 s, and > 60 s. During a test with Ifr-cotton burr carrier, the location of the psyllids on the dispenser (pleat edge or crease) and their concomitant behaviors (sitting, probing while sitting, probing while crawling, and crawling) were recorded to determine whether their behavior varied on the surface of the dispenser.
Horizontal transmission
Adult visits to nymph clusters
A settling test without dispensers and Ifr fungus was conducted to verify that adult ACP would visit the nymph colonies. Two rows of six orange jasmine plants each infested with first and second instar ACP nymphs were set-up in the greenhouse. Each plant was examined and every nymph cluster was tagged with an identifying label hung from a piece of string attached to the stem near the cluster. A total of 86 nymph clusters were identified and labeled, after which 1000 adult ACPs were released near the plants at 11:00 h. The plants were examined 24 h later and the numbers of adults and their locations (cluster or foliage) was recorded. Censuses were performed each day for a total of five days.
Patt
Demonstration of horizontal transmission
Tests were conducted to determine the levels of horizontal transmission of blastospores from adult to immature Asian citrus psyllid achievable with the dispenser. Twelve orange jasmine plants with uniform height (34-64 cm), canopy size, and densities of first and second instars were used in the test array; infection levels of both adults and nymphs were monitored. The nymphs were exposed to the adults for three days, after which the adults were removed by aspiration and returned to the lab. The plants were inspected 3X/day for three days. Nymph clusters with at least a single adult visit were marked with a coded flag and designated as sentinel clusters. This procedure ensured that a particular nymph cluster had been visited at least once by a potentially spore bearing adult. The sentinel clusters were observed at days six and eight for the presence of mycosed nymphs. The presence of Ifr mycelium on foliage, exuvia, and excretions was also noted. Since the number of infected individuals within a cluster could not be determined by visual inspection, subsamples of nymphs were taken from the sentinel clusters to estimate the infection level. From a subset of eight infected clusters, chosen in a randomized fashion, 15 to 24 nymphs that were not visibly infected were collected, surface sterilized, and plated following the protocols described above. This procedure was also repeated for a subset of eight sentinel clusters with no visible signs of Ifr infection.
Tests for wind dispersal and pathogen background levels
A test was conducted to ensure that Ifr infection of the nymphs occurred through direct contact of an adult carrying blastospores, rather than via air currents carrying the spores from the dispensers to the nymphs. Orange jasmine plants from the Mission colony were transferred to Weslaco; 12 infested plants were placed in a greenhouse alone and another 12 infested plants Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 13 were placed in a separate greenhouse with an array of dispensers coated with Ifr-cotton burr carrier. The plants and array were set-up as described above (Demonstration of horizontal transmission) and the greenhouse fans ran consistently throughout the day. Twenty four hours after placement, individual samples of 12 nymphs were collected in a random fashion from the plants in each greenhouse. The samples were treated, incubated, and examined for mycosis as described previously. Totals of 336 and 312 nymphs were collected, respectively, from the greenhouse + arrays and the greenhouse with plants only.
Impact of horizontal transmission on adult psyllid production
Tests were conducted to measure the reduction in adult production from nymph clusters infected via horizontal transmission. Twelve orange jasmine plants were placed in the test array and exposed to dispensers and adults (treatment group), 12 other plants were placed in a different greenhouse and isolated from dispensers and adults (control group). After three days, the adults were collected and all plants from each greenhouse were placed into individual insect rearing tents (60 cm W x 60 cm L x 60 cm H) (MegaView Science Co., Ltd., Taiwan) to permit collection of adults as they emerged. Starting on day 7, all adults that eclosed within each cage over a 24-h interval were collected for seven consecutive days. They were killed by CO 2 asphyxiation, counted, sexed, and plated as described above to observe mycosis. Ambient levels of Ifr were measured in subsamples of 120 adults from the colony.
Demonstration of secondary transmission
Tests were conducted to determine the level of infection achieved in nymph clusters when exposed to either one or two adult cadavers bearing mature conidiophores. Orange jasmine Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 14 plants were standardized by selective pruning to contain three sentinel clusters with 60-70 nymphs each. The clusters were positioned at least 16 cm away from each other. Cadavers were positioned by first inserting an insect pin through a piece of plastic film holding a cadaver and then inserting the pin through a stem or leaf 5 to 10 mm away from the center of a nymph cluster (Figure 3) . Each treatment group contained five replicated plants; one group had 1 cadaver per cluster, the other group had 2 cadavers per cluster. Each plant was placed in a separate insect rearing tent. The nymph clusters were exposed to the cadavers for 19 days after which all live and dead insects were collected from each tent. Live insects were asphyxiated by exposure to CO 2 . The specimens were prepared and incubated following the protocol described above. After 21 days, the specimens were examined for Ifr infection.
Effect of exposure to ambient conditions on spore infectivity
Tests were conducted to determine the effect of exposure to ambient conditions in the greenhouse on blastospore infectivity. Six pairs of dispensers were arranged in two rows on a greenhouse bench, with each dispenser 40 cm. apart from its neighbor in the same row and 64 cm apart from its neighbor in the adjacent row. Placement commenced at 10:00 h; a pair of dispensers was then randomly selected and returned to the laboratory at intervals of four hours, 7 days, 14 days, and 21 days after placement. Light levels in the dispenser array were measured with a digital light meter (Extech Instruments, Waltham, MA). Readings were taken at noon at ca. 5 cm in front and on top of the dispensers.
To evaluate the infectivity of the recovered formulation, adults were dusted with either the recovered or fresh formulation, or left untreated. The Ifr formulation was recovered by gentle shaking of the dispenser over a sheet of wax paper. Sixty adults were anaesthetized by exposure Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 15 to CO 2 gas. Following anesthesia, batches of six psyllids were transferred to plastic tubes (1.7 ml), filled with 0.005 g of recovered formulation, and then rotated for 30 s to uniformly coat them. They were transferred to plastic Petri dishes (100 x 15 mm) containing a filter paper circle (90 mm) saturated with sterilized RO water. Each Petri-dish was sealed with a Parafilm™ strip and held in a growth chamber set at 26 o C and a photoperiod of 14 h L: 10 h D. The psyllids were kept for 48 h to provide sufficient time for spore germination and infection. After 48 h the psyllids were killed by CO 2 asphyxiation, counted, sexed, and plated as described above. This procedure was repeated with 60 adults using fresh formulation as a positive control and 60 adults using no formulation as a blank control. The cadavers were checked regularly for three consecutive weeks to record the onset of mycosis.
Statistical Analysis
A log-likelihood test (G-test) with Yate's correction was used to compare the amount of time engaged in different behaviors on the ridges and creases of the dispenser (Zar, 1999) . Levels of adult production from exposed and unexposed nymphs in the impact of horizontal transmission test were compared with the chi-square test (Zar, 1999) . Infection levels of nymph clusters exposed to different numbers of sporulating cadavers were compared with Kruskal-Wallis test (Zar, 1999) .
Results
Primary Infection
The results of four pre-tests, in which the Ifr formulation was substituted with fluorescent Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 16 yellow powder, showed that about a third of the psyllids recovered from potted sour orange trees contacted the dispenser following their release into the greenhouse (Table 1 ). This result demonstrated that the psyllids would visit the dispensers prior to settling on the potted orange trees. In the three subsequent tests with actual Ifr formulation, a combined mean of 56% (SEM = ± 10.4%) of the recovered psyllids were infected. The percentage of infected ACP for each of the three tests were as follows: Test 1: 57% infected of 82 recovered; Test 2: 74% of 225 recovered; Test 3: 38% of 201 recovered.
Psyllid behavior and residency on dispensers
Of the individual psyllids observed on the dispensers, 64% were retained for > 60 s when the dispensers were coated with Ifr + cotton burr powder but only 18% were retained for this length of time when the dispensers were coated with yellow fluorescent powder (Figure 4) . Similarly, 41% of the psyllids landed and then immediately left the dispensers when they were coated with the fluorescent powder versus only 3% on the Ifr + cotton burr-coated dispensers. These results indicate that the psyllids tolerated the cotton burr powder particles. The psyllids spent less time probing (G = 4.198; df = 1; P < 0.05) and more time crawling (G = 6.722; df = 1; P < 0.01) when situated on the pleat ridge than in the crease ( Figure 5 ). There were no differences between the two locations in the proportion of time spent sitting and probing while crawling.
Adult visits to nymph clusters
Measurements of adult movement among sentinel nymph clusters on potted orange jasmine plants showed that, over the course of five days, adults visited 98% of the 86 sentinel nymph Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 17 clusters. The number of adults observed on any one day ranged from 92 to 126 individuals. This result indicated that infected adults could be expected to visit nymph clusters and spread spores.
Horizontal transmission
The results demonstrated that adult ACP transferred Ifr spores from the dispensers to nymph clusters on potted orange jasmine plants in the greenhouse. There were 83 and 37 sentinel nymph clusters in the first and second tests, respectively. In the first trial, 44% of the adults recovered from the plants and 34% of all nymphs sub sampled from symptomatic sentinel clusters became infected with Ifr, while in the second trial 35% of all adults and 27% of the nymphs sub sampled from the asymptomatic sentinel clusters became infected. Ifr mycelia grew not only on infected nymph cadavers, but also as a saprophyte on molted exuviae, honeydew, and waxy excrement, resulting in extensive fungal coverage of the nymph clusters.
Wind dispersal of spores and background infection level of immatures
In the test conducted to determine whether air currents were capable of transferring blastospores from the dispensers to the nymphs, 2.9% of the nymphs collected from plants in the greenhouse without dispensers were infected while 4.2% of the nymphs from plants in the greenhouse with the dispensers (but no released adults) were infected. Six percent of the nymphs collected concurrently from the Mission colony were infected. These results show that the nymphs used in the experiment had the same background infection level as those from the parent colony and that exposure to the dispensers in the absence of adults had no effect on nymph infection levels. While the test ran for only 24 h, versus 72 h in the horizontal transmission test, it is very unlikely that wind dispersal of blastospores occurred because they are in a matrix with Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 18 the cotton burr carrier, which, in turn, was plastered to the emulsified wax coating.
Impact of horizontal transmission on adult psyllid production
Production of adults from nymph colonies exposed to Ifr-carrying adults was reduced by significant amounts relative to the control colonies. In the first test, there was a 27% reduction in the numbers of adults produced from the Ifr-exposed nymph colonies (Total number of adults: 
Secondary transmission
Following exposure to sporulating cadavers, nymph infection in both treatments was high with a mean (± SEM) infection level of 92.8% ± 1.1% for the + 1 cadaver treatment (n = 607 nymphs total) and 91.3% ± 2.4% for the + 2 cadaver treatment (n = 812 nymphs total). These tests demonstrated that conidia released from cadavers are very contagious and can cause high infection levels in nymph clusters.
Effects of exposure to ambient conditions on spore infectivity
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When exposed to environmental conditions in the greenhouse, the infectivity of spores exposed on the surface of the dispenser decreased over time (Figure 6 ). After 7 and 21 d of exposure in the greenhouse, spore infectivity decreased, respectively, by 46% and 60%.
Interestingly, spores sampled after 12 days of exposure had a 96% infectivity rate. Upon further examination, it was determined that the dispensers from which this spore sample was taken had been shaded by the greenhouse framing and had not received the same level of direct sunlight exposure as the other dispensers in the array. The light level at the top and east face of these dispensers was, respectively, 16,600 and 10,900 lux, while light levels at adjacent dispensers was much higher (Dispenser one: top: 42,100 lux, east face: 29,700 lux; Dispenser two: top: 45,000 lux, east face: 55,800 lux ). Psyllids used in the control group at the 20-day sample were collected from a colony that had a low level Ifr infection that was not evident at the time of collection. The results indicated that the spores are vulnerable to exposure to direct sunlight but that shaded spores can maintain high levels of infectivity after 12 days of deployment. The mean daily temperature on the greenhouse bench was 30.2°C, with a daytime high temperature of 36.1°C and nighttime low temperature of 25.2°C.
Discussion
The results confirmed that the use of an autodisseminator to infect Asian citrus psyllid is plausible and that the basic design of the autodisseminator used here was sound with respect to attracting, retaining, and infecting psyllids. Exposure of free-flying ACP to dispensers in a greenhouse resulted in an average of 56% of the psyllids becoming infected with pathogen Patt et al.--Autodisseminator for entomopathogen of Asian citrus psyllid. 20
spores. The results also demonstrated that adult ACP transferred Ifr blastospores from the dispensers to nymphs dwelling on potted orange jasmine plants, with ca. 25 to 35% of nymphs becoming infected. In a follow-up experiment, adult production from nymph colonies exposed to Ifr-carrying adults was reduced by ca. 35%, verifying the infection levels obtained in the original tests. Interestingly, Ifr mycelium grew not only on dead nymphs and exuviae, but also on the psyllids' waxy excrement and honeydew, suggesting the possibility of a larger infection matrix than from the nymphs only (Figure 3 ). There was no evidence that air currents carried blastospores from the dispensers to the nymphs. However, infected psyllids produced contagious conidia that readily infected nearby individuals through the air. The results of another greenhouse study with Ifr by Stauderman et al. (2012) suggested that condia spread in humid air may be a highly effective means of infecting psyllids.
Many of the observed psyllids remained on the dispenser for over 60 s, showing that the cotton burr powder formulation was an ideal spore carrier because it did not appear to irritate the psyllids. This result suggests that plant based materials, such as cotton burr powder and bran, maybe more suitable as spore carriers than mineral based materials such as diatomaceous earth.
The surface architecture of the dispenser also proved to be ideal because the psyllids tended to crawl along the pleat edges and probe in the creases, behaviors that promoted spore transfer.
As these studies were conducted in the relatively benign environment of a greenhouse, further work is required to make this approach a viable means for suppressing ACP populations in residential settings or abandoned orchards. The results of the primary infection and horizontal transmission tests were quite variable, both in terms of numbers of adults recovered and infection levels. This variability is likely due to a number of factors such as weather conditions during the tests, physiological condition of the psyllids, inoculum quality, and the psyllids' interactions with For example, the results showed that exposure to direct sunlight leads to a decrease in blastospore viability. The dispenser design will need to be modified so that the blastospores are shaded from direct sunlight and protected from rain. Further modifications to the dispenser or formulation may be needed to permit the device to work effectively under ambient conditions. Conceivably, the dispenser may only be effective during times of the year when weather conditions are moderate and favorable to the pathogen's survival, such as the spring or fall.
Other issues need to be addressed if this approach is to be used to effectively initiate Ifr epizootics in residential and unmanaged citrus, such as determining the optimal number of dispensers required per tree and their placement. Ideally, this would be determined as a function of ACP population density and would provide an underpinning for understanding the rate of infection spread per dispenser. The erratic distribution of ACP on host trees , Sétamou et al. 2008 ) and heterogeneous nature of residential plantings may dictate that attempting to establish epizootics within a single tree may be more practical than attempting to spread the infection to multiple trees. A 25% level of direct adult-to-adult horizontal transfer was observed in screen cage tests (Moran et al. 2011) , which, along with the results here, suggests that there are multiple pathways for movement of Ifr in mixed-generation populations.
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To be successful, an autodisseminator for suppression of ACP populations in residential citrus will need to be safe, easy to handle and distribute, and inexpensive to gain widespread adoption, particularly by homeowners. They must also be commercially viable and be judged safe to humans and the environment by regulatory agencies. An autodisseminator of a labelled, commercially available entomopathogen, would meet these criteria. It could also be used to augment efforts to use arthropod biological control agents for psyllid suppression (Hoddle 2012; Hall et al. 2012; Stauderman 2013) . The results of the present study indicate that it will be possible to design an effective autodisseminator for use in residential and unmanaged citrus. 
